An Algorithm for Locating the Center of the Ankle Joint in Knee Navigation Surgery by Marchant, Darren et al.
  
 
   COVER SHEET 
 
 
Marchant, Darren C and Rimmington, Dale P and Crawford, Ross W and Whitehouse, Sarah L and 
McGuire, Joanne (2005) An Algorithm for Locating the Center of the Ankle Joint in Knee Navigation 
Surgery.  Computer Aided Surgery 10(1):pp. 45-49.
 
 
Accessed from   http://eprints.qut.edu.au
 
 
Copyright 2005  Taylor & Francis Group
 1
Author copy: 
Marchant DC, Rimmington DP, Crawford RW, Whitehouse SL, McGuire J.  An 
algorithm for locating the center of the ankle joint in knee navigation surgery:-  
Computer Aided Surg 2005;10(1):45-9 
 
 
An Algorithm for Locating the Center of the Ankle Joint in Knee 
Navigation Surgery 
 
 
Marchant DC1 (MBBS), Rimmington DP1 (MBBS), Crawford RW1, 2 
(D.Phil(Oxon)), Whitehouse SL2 (PhD), McGuire J3 (FRANZCR) 
 
 
1 The Prince Charles Hospital, Queensland, Australia;   
2 Queensland University of Technology, Queensland, Australia;   
3 Queensland Diagnostic X- ray 
 
 
 
Corresponding Author: Professor Ross Crawford 
Address: Orthopaedic Research Unit 
Level 5 Clinical Sciences Building 
The Prince Charles Hospital 
Rode Rd, Chermside, Queensland, 4032 
Australia 
Tel:  + 61 (0)7 3350 8481 
Fax:  + 61 (0)7 3350 8043 
e-mail: r.crawford@qut.edu.au 
 
 
 
 2
Abstract: The primary aim of computer assisted knee arthroplasty is to 
improve the alignment of the implanted prostheses. Accurate component 
alignment is dependent on the establishment of accurate anatomical 
reference points. Current techniques of establishing the center of the ankle 
joint, especially in the coronal plane, rely solely on clinical judgement in 
relation to the position of the center of the ankle joint. The aim of this study is 
to determine if an algorithm can be developed, based on establishing the 
most prominent points on the medial and lateral malleoli on 3-D CT scans, to 
accurately and reproducibly establish the position of the center of the ankle 
joint.  To determine this, images of 20 ankles were obtained and axial, 
coronal, and sagittal 2- D reconstructions were manipulated on a workstation.  
Two observers independently performed relevant measurements and 
calculations. The calculated data was found to be reproducible with a very 
small standard deviation in each plane. This algorithm is able to give accurate 
measurements of the ankle joint in knee navigation surgery. Caution must be 
exercised in anatomically abnormal ankles as the calculations of the ankle 
center were found to be significantly different.  
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INTRODUCTION 
Total knee arthroplasty is widely regarded as a highly effective method of 
treating degenerative joint disease. The outcome of total knee arthroplasty is 
generally successful, however the potential for failure inevitably exists [1]. 
Such failures may result from component loosening, instability, dislocation, 
fracture, or infection, and occur at an incidence of between 5-8% [2, 3]. The 
outcome of total knee arthroplasty is particularly sensitive to variations in 
surgical technique [4]. Incorrect positioning or orientation of the component 
prostheses and improper alignment of the limb can lead to accelerated 
implant wear and loosening, as well as suboptimal functional performance [5].  
 
A number of studies have demonstrated that alignment errors of > 3 degrees 
are associated with more rapid failure and less satisfactory functional results 
after total knee arthroplasty [6, 7, 8].  Even a small (2.5mm) anteroposterior 
displacement of the femoral component has been shown to alter knee range 
of motion as much as 20 degrees [9].  A significant amount of evidence exists 
implying that the most common cause for revision total knee arthroplasty is 
error in initial surgical technique. 
 
The use of mechanical alignment guides has improved the accuracy with 
which implants can be inserted, however errors in tibial and femoral alignment 
of > 3 degrees still occur in approximately 10% of total knee arthroplasties [5].  
Teter et al. reported that 8% of tibial cuts were malaligned by more than 4 
degrees in the coronal plane when an extramedullary alignment guide was 
used [10].  This is due to the fact that fundamental problems exist, in such 
alignment systems, that limit their ultimate accuracy.  The accuracy of 
arthroplasty procedures is also limited by inherent errors in standard 
preoperative radiographs. 
 
It is important to recognize that even the most sophisticated mechanical 
instrumentation systems ultimately rely on visual inspection, and clinical 
judgement, to confirm the accuracy of limb and implant alignment, as well as 
stability at the conclusion of total knee arthroplasty procedures [5]. In addition, 
alignment guides are designed based on standardized bone geometry. 
Optimal placement of the components therefore may not be achieved when 
the patient’s bones differ from the assumed bone geometry utilized in the 
instrument design process [1]. 
 
The primary aim of computer assisted knee replacement surgery is to improve 
the alignment of the implanted prostheses. Computer- based alignment 
systems have been developed to address the limitations inherent in 
mechanical instrumentation systems used in total knee arthroplasty [11, 12].  
Navigation systems augment mechanical instrumentation through the addition 
of measurement probes that can be used to locate joint centers, to track 
surgical tools, and to align prosthetic components [5].  
 
Despite the potential for improved accuracy, with the use of computer 
navigation, accurate alignment of the prostheses still relies on the initial 
establishment of accurate anatomical landmarks and reference points. 
Current techniques of establishing the location of the center of the ankle joint 
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continue to rely on the clinical judgment of the surgeon in estimating the 
location of this point.  
 
The intention of this study is to determine whether an algorithm, based on the 
establishment of the most prominent points on the medial and lateral malleoli 
on a 3-D CT scan, can be developed and reproducibly used to identify the 
position of the center of the ankle joint. 
 
MATERIALS AND METHODS 
Images of 20 ankles were obtained on a Toshiba Aquilion four detector row 
multi- slice CT scanner.  0.5mm scans were performed at 0.4mm intervals.  
Axial, coronal and sagittal multi-planar 2 dimensional reconstructions were 
generated and manipulated on a workstation.  The scans that were obtained 
included 17 normal ankles, 2 ankles with evidence of degenerative joint 
disease and 1 ankle that had previously been fractured.  Two independent 
observers, registered training orthopaedic registrars, performed the 
measurements and calculations described subsequently. 
 
There are no strict anatomical references to the true center of the ankle joint.  
For the purposes of this study, the center of the ankle joint was defined, in the 
sagittal plane, as corresponding to the highest, most proximal point of the 
talar dome.  In the coronal plane, the center of the ankle joint was defined as 
the mid-point of the talus in this plane. 
 
Alternating between transverse, sagittal and coronal scans as required, the 
most peripheral points of the medial and lateral malleoli were determined.  A 
line adjoining these points was calculated and produced by the computer 
software.  The center of the ankle joint was identified in the sagittal and 
coronal planes. 
 
The following measurements were calculated in the coronal plane: i) the total 
distance between the most peripheral points on the medial and lateral 
malleoli; ii) the distance from the most peripheral point on the medial 
malleolus to the center of the ankle, as defined previously; iii) the distance 
from the most peripheral point on the lateral malleolus to the center of the 
ankle as previously defined. 
 
Measurements were taken in the coronal and sagittal planes.  The coronal 
measurements were based on the previously described computer generated 
lines.  The recorded measurements were: the total inter-malleolar distance; 
the distance from the medial malleolar point to the marked center of the ankle 
joint; and the distance from the lateral malleolus to the marked center of the 
ankle joint.   
 
Subsequent calculated ratios were:  
medial malleolus to center distance : total inter-malleollar distance 
lateral malleolus to center distance : total inter-malleolar distance 
medial malleolus to center distance : lateral malleolus to center  
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In the sagittal plane, a line joining the two malleolar points, and passing 
through the marked high-point of the talus, as determined by each observer, 
was generated by the computer.  For each scan, the distance that this line 
passed anterior or posterior to the true center of the ankle joint, as calculated 
by the workstation software, was determined. 
 
Following this data collection, statistical analysis was performed using 
ANOVA, paired t- tests and regression analysis as appropriate.  In addition to 
analyzing the results of the complete set of ankles, calculations were made for 
the normal ankles, the arthritic ankles and the previously fractured ankle.  The 
results for these separate groups were then compared against each other. 
 
RESULTS 
The described observations and calculations yielded a set of statistically 
significant results in relation to the description of the location of the center of 
the ankle joint, in the investigated planes of assessment.  In the coronal 
plane, the calculations and analyses displayed a strong correlation in the 
values attained by each individual observer.  The average inter-malleolar 
distance was determined to be 70.2 mm (95% CI, 68.3 - 72.0).  It should be 
noted that this is not an actual physical value but rather a computer derived 
measurement as the actual values are scaled by the computer for viewing.  
However, the absolute values are not important as all of the calculations are 
based on ratios.  
 
Of the calculated ratios for the normal ankles, the strongest correlation was 
observed with the ratio of lateral distance to the total inter-malleolar distance 
(r = 0.854) (Table 1).  This ratio of lateral distance to total inter-malleolar 
distance was observed at 0.57 (95% CI, 0.56 - 0.58) in the normal ankle 
sample.  The range of values in this group was from 0.49 - 0.63.  The validity 
of this ratio, in this sample of normal ankles, was further substantiated (beta= 
0.569) using linear regression analysis with no constant (Table 2).  In the 
sample of arthritic ankles, the observed ratio was 0.48 (95% CI, 0.46 - 0.50).  
The sample of the previously fractured ankle displayed a ratio of 0.57 (95% CI 
0.15 - 0.99).  In this sample the confidence interval is large due to the small 
sample size.  The differences in ratio values were noted to be statistically 
significant at the 5% level (p < 0.02) when compared using ANOVA. 
 
In the sagittal plane the observed individual measurements, of each observer, 
demonstrated a poor level of correlation (r = 0.218).  However, the mean 
distances from the calculated line to the true center of the ankle joint were not 
statistically different.  The true center of the ankle joint was observed to 
always lie posterior to the calculated line.  The calculated values were 4.2mm 
(95% CI, 2.5 - 5.9), and 2.8mm (95% CI, 1.7 - 3.8).  In combination, this data 
describes that the mean distance, that the true center of the ankle joint lies 
from the calculated inter-malleolar line, averages 3.2mm (95% CI, 2.3 - 4.0). 
 
The observed and calculated data, in this series, displayed a high degree of 
reproducibility.  Using the calculated 95% confidence intervals, the projected 
angular error in tibial alignment generated by a computer assisted 
navigational surgical system is less than 1 degree (0.02º) in both planes, in 
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95% of ankle joints.  This calculation is based on a given center of the knee 
joint, and assumes a tibial length of 300mm. 
 
DISCUSSION 
The overall outcome of total knee arthroplasty depends on several factors 
including patient selection, prosthetic design, soft tissue balancing, and 
accurate limb alignment (1).  Accurate rotational and translational alignment of 
the prosthetic components are critical factors that have a significant influence 
on the outcome of knee arthroplasty [13].  An error in alignment of the 
prosthetic components in any of the anatomical planes can have a significant 
detrimental effect on the outcome following knee arthroplasty [1].  Inaccuracy 
in positioning or orientation of prosthetic implants can result in accelerated 
rates of wear, loosening of components and consequent degraded functional 
performance [14, 15]. 
 
The introduction of computer assisted knee arthroplasty surgery has the 
potential to reduce surgical errors in the alignment and rotation of prosthetic 
components, and therefore potentially improve the long-term outcomes and 
functional levels of patients who undergo total knee replacement.  This long-
term surgical outcome is critically reliant on the accuracy in the identification 
of the mechanical axis of the limb [16].  Most computer assisted systems, for 
total knee arthroplasty, currently use the mechanical axis of the tibia as a 
reference for the calculation of correct limb, and prosthetic, alignment and 
rotation [17]. 
 
In the calculation of the mechanical axis of the tibia, a generally accepted 
method is to utilize the center of the ankle joint as an initial reference point.  In 
determining this, the location of the center of the ankle joint may vary 
significantly depending on the position and number of points digitized on the 
skin, the anatomical structure, and potential variations of the subjects ankle, 
as well as the potential for variations in the interpretation of appropriate 
landmarks by the individual surgeon.  Any consequent inaccuracy in the 
identification of the center of the ankle joint can significantly contribute to 
resultant inadequacies in the placement of prosthetic components.  By 
definition, this has the potential to detrimentally influence the overall long-term 
outcome and success of knee arthroplasty surgery.  Even with utilization of 
the currently available surgical navigation systems, the center of the ankle 
joint in the coronal plane is still estimated by the surgeon as is done in 
standard non-navigated techniques.  This offers a potential for error with no 
overall improvement in alignment.  
 
It should be noted that this series demonstrates a significant difference in the 
calculation of the mid-point of the ankle joint in patients with anatomical 
variations, such as arthritic degeneration.  It would therefore seem particularly 
relevant to exclude such degenerative change with the use of pre-operative x-
ray assessment of the ipsilateral ankle joint.   
 
The described method of determining the center of the ankle joint displayed a 
high degree of correlation and reproducibility between the values obtained by 
individual observers.  Very narrow confidence intervals were obtained in each 
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plane.  Therefore it is apparent that this algorithm can be relied on to give 
accurate measurements of the distances and ratios involved in the ankle joint 
in relation to computer assisted knee navigation surgery.  We advocate the 
use of such an algorithm as a tool to decrease the potential for surgical error 
in prosthetic alignment.  Rather than complete reliance on such an algorithm, 
at the expense of intra-operative clinical judgment, the most relevant ongoing 
utilization of such a system would appear to be as a significant checkpoint in 
the surgical process of knee joint arthroplasty. 
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TABLES 
 
 
Table 1.  Correlations for various measures in normal ankles. 
  medial_center 
(mm) 
lateral_center 
(mm) 
total (mm) 
medial_center Pearson correlation 1.000 .132 .630**
(mm) Sig. (2-tailed) . .455 .000
 N 34 34 34
lateral_center Pearson correlation .132 1.000 .854**
(mm) Sig. (2-tailed) .455 . .000
 N 34 34 34
total Pearson correlation .630** .854** 1.00
(mm) Sig. (2-tailed) .000 .000 .
 N 34 34 34
** Correlation is significant at the 0.001 level (2-tailed). 
 
 
Table 2.  Linear regression coefficients for predicting lateral from total with no 
constant. 
 Unstandardised 
Coefficients 
Standardised 
Coefficients 
  
Model B Std Error Beta t Sig. 
1         total (mm) .569 .005 .999 121.547 .000 
a. Dependent Variable: lateral_center (mm) 
b. Linear Regression through the Origin 
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FIGURES 
 
Figure 1.  Example of images obtained on CT scanner with center of ankle 
and medial/lateral malleolar axis inserted (diagrammatic) 
A anatomically defined centre of ankle joint 
B most medial point 
C most lateral point 
 
Figure 2.  Illustration showing how mid point of ankle joint in sagittal plane (A’ 
illustrated on a coronal view) passes posterior to axis joining most prominent 
points on medial (B) and lateral (C) malleoli.  
 
Figure 3.  In the sagittal plane, the center is defined as the high point of the 
talar dome and corresponding high point of the tibial articular surface. 
